A total of 320 samples of vegetarian food purchased from local markets were examined in order to determine the microbiological quality of these products. Aerobic count, psychrotrophic count, anaerobic count, E. Coli, coliforms, S. aureus, B. cereus, spores of Bacillus as well as enterotoxins produced by B. cereus and S. aureus were also evaluated.The incidence of E. coli and coliforms in these vegetarian food products were 28Á1% and 32Á5%, respectively, while 18Á1% and 3Á4% of the samples were found to contain S. aureus and B. cereus, respectively. The vegetarian food products investigated in the present study were divided into ¢ve groups, based on their major components. The samples made from soybeans showed the highest detection rate (74Á5%) when S. aureus, B. cereus, E. coli and coliforms were used as indicators. S. aureus was detected in all the ¢ve groups, with the highest detection rate in cereal and Konjac group (23Á8%), while B. cereus was detected only in soybean, cereal and Konjac groups with the incidence of 5Á1%, 9Á5% and 2Á4%, respectively. Among the 38 strains of S. aureus isolates, 17 strains were observed to produce enterotoxins of types A, B, C and D. Whereas, among the seven strains of B. cereus isolates, one produced diarrheal toxin while four others killed adult ICR mice.The present results also revealed that vacuum-packed vegetarian foods have the lowest incidence of micro-organisms tested in this study.
Introduction
There has been a marked increase in the sales of vegetarian food items in the recent years. Emphasis on the consumption of vegetarian food for a healthy diet has also received much more attention from the public in recent times than ever before. However, the safety of vegetarian food items is still a concern. Fang et al. (1997b) had examined the microbial quality of 155 instant cereal products. Their results indicated that the isolation rates of Bacillus cereus in regular instant cereals and cereal mix were 26% and 38%, respectively. Coliform were isolated from 2 of the 74 (2Á7%) regular instant cereal products as well as from 6 of the 81 (7Á4%) cereal mix products. Garcia-Gimeno et al. (1996) reported that out of a total of 70 ready-to-use mixed vegetable salad samples, 21(30%) were observed to contain Listeria monocytogenes. In Taiwan, Republic of China, very few foodborne disease outbreaks caused by L. monocytogenes have been reported. Lin et al. (1989) indicated that in 320 samples of cold dishes, the detection rate of coliform, Escherichia coli and Staphylococcus spp. was 75Á5%, 13Á9% and 51Á8%, respectively. E. coli O157:H7 has emerged as an important foodborne pathogen, causing haemorrhagic colitis and haemolytic uraemic syndrome with increasing frequency since 1982 (Doyle 1991) . Foodborne disease outbreaks caused by this pathogen have been reported in Canada (Ryan et al. 1986 ), England (Carter et al. 1987) , United States (Besser et al. 1993) and Japan (Shih 1996) . According to epidemiological data, between the period 1986 to 1995, bacterial pathogens were reported to be the major cause of various outbreaks in Taiwan, Republic of China (555 out of the 852 outbreaks, 65%). The three most commonly involved bacteria were V|brio parahaemolyticus (197 of the 555 outbreaks, 35%), Staphylococcus aureus (169 of the 555 outbreaks, 30%) and B. cereus (104 of the 555 outbreaks, 18%) .
Although there is a growing demand for vegetarian food products, very little is known regarding the microbiological quality of vegetarian food products in Taiwan. The present study was hence undertaken to determine the microbiological quality of a variety of vegetarian food products manufactured and retailed in central Taiwan, Republic of China. The incidence of E. coli and fecal coliforms were determined as well. In addition, since S. aureus and B. cereus are important pathogens that cause foodborne disease outbreaks in Taiwan, the incidence and the enterotoxin production by these two micro-organisms were also investigated.
Materials and Methods

Samples
A total of 320 samples were procured for undertaking bacteriological examination. Various types of vegetarian food products were obtained from local markets in central Taiwan area periodically from December 1992 to October 1995. Among the 320 samples, 113 samples were vacuum-packed, 99 samples were packed without vacuum and 108 were without packaging, respectively.The vegetarian food samples were also grouped on the basis of their major components, viz. 102 samples were composed mainly of soybean, 45 samples were mainly cereal, 52 samples were made mainly by £our, while 55 and 66 samples were composed mainly of vegetable and Konjac, respectively. All the samples were transported to the laboratory under low temperature (578C) and stored at 48C, until testing.They were analysed within 24 h of sampling. Prior to analysis, 25 g of each sample was homogenized for 2 min with 225 ml of 0Á1% sterile peptone water using a Stomacher (model 400; Seward Medical, London, UK). Serial dilutions were performed as required. The pH of the food samples was measured using a digital pH meter (Hanna 8417, Italy) in a 1:10 (w/v) mixture of the homogenate in distilled water.
Microbiological analyses
The total aerobic mesophilic and psychotrophic bacteria were enumerated by using Plate Count Agar (PCA, Difco), and incubating the plates at 308C for 48 h and 58C for 10 days, respectively (Kuo 1993 , Unda et al. 1990 ). Anaerobic micro-organisms were recovered by PCA incubation at 308C for 48 h in Anaerobic Gas Pak jars (BBL). Enumeration of E. coli by MPN technique was carried out in Fluorocult 1 broth (Merck, Germany) using a Durham tube, which was incubated at 378C for 16±24 h. Further, the tubes were examined for £uores-cence by holding them under a ultraviolet lamp (366 nm). Tubes showing £uorescence and gas formation were considered to contain E. coli (Chen 1996) . Fluorocult 1 broth and brilliant green bile (BGB) were used for MPN evaluation in the presumptive and con¢rmation tests for detecting coliforms, as described by Chen (1996) . For S. aureus enumeration, serial dilutions of vegetarian food homogenates were plated on Baird Parker Agar (Difco) with egg yolk emulsion (50 ml l
71
) and K 2 TeO 3 solution (10 ml l 71 ), and incubated at 378C for 48 h. Typical colonies were con¢rmed by using a Staphaurex rapid test kit (Welcome Diagnostics, England) (Chen 1996) . The number of spores of Bacillus spp. and B. cereus were determined by using the surface plating technique on plate count agar (PCA; Difco), and Mannitol-egg yolk-polymyxin B agar (MYP; Difco), respectively. After the samples were homogenized, serial dilutions were plated on MYP agar and incubated at 308C for 24 h (Vanderzant and Splittstoesser 1992) . Typical B. cereus colonies (with a dry, rough surface; red-purple with a white precipitate) were counted, transferred to nutrient agar slants, and further con¢rmed by microscopic and biochemical characterizations using API 50 CHB identi¢cation kit (API Laboratory Products, Basingstoke, Hants, UK). For Bacillus spores enumeration, homogenized samples were initially heated at 808C for 10 min, then plated on PCA containing polymyxin B and incubated at 308C for 24 h. The population of heat-resistant mesophilic organisms grown on PCA plates were assumed to be Bacillus spores (Vanderzant and Splittstoesser 1992) . A spiral plater (Spiral system, Model DU2, Cincinnati, Ohio, USA) was used to enumerate the isolates from vegetarian food samples Lin 1994, Fang et al. 1997a ).
Screening of bacteria for toxin-producing ability
Production of enterotoxin by the S. aureus isolates was assessed using the reversed passive latex agglutination (RPLA; Denka Seiken Co., Tokyo, Japan) method, as described by the manufacturer (Chen 1996) . Mouse lethal-toxin test and mouse ligated intestinal loop assay were used for screening the toxin producing ability of B. cereus isolates. Five millilitres of fresh B. cereus cultures were inoculated separately into 50 ml of brain±heart infusion broth (Difco) in 250 -ml Erlenmeyer £asks and cultured at 328C for 6 h in a shaking incubator set at 100 rpm. The culture ¢ltrates used in the mouse lethal test and mouse ligated intestinal loop assay were prepared by ¢ltering the culture broth through a 0Á45 -mm pore membrane ¢lter (Millipore Corp.). The cell-free culture ¢l-trates were stored at 7208C (Glatz et al. 1974) . For conducting the mouse lethal tests, 0Á5 ml of culture ¢ltrates were separately injected into the caudal veins of three adult ICR mice. Death within 24 h was considered to be a positive response (Trunsul et al. 1979) . The mouse ligated intestinal loop assay followed the procedures described by Trunsul et al. (1979) to evaluate the diarrheal toxin-producing ability of the B. cereus isolates. For the experiments described in this section, culture medium was used as the blank control.
Results
The microbial analyses of vegetarian food samples are presented in Table 1 . Regarding the distribution of microbial population, 25Á0% of the samples were noted to have more than 10 6 cfu g 71 of aerobic plate counts. The largest range of microbial distribution for psychrotrophs was found between 101 and 10 3 cfu g 71 , with the detection rate of 20Á6%. On the other hand, anaerobic counts were mostly found in vacuum-packed products with the highest range of 10 001 to 10 5 cfu g 71 that had a detection rate of 14Á1%. E. coli was detected in 28Á1% of the vegetarian food samples, while the incidence of coliforms was 32Á5%. The detection rates of S. aureus, B. cereus, and spores of Bacillus were 18Á1%, 3Á4% and 20Á9%, respectively. The contamination level of B. cereus was lower than that of S. aureus in the investigated samples (Table 1) .
With respect to the types of packages of the vegetarian food samples, vacuum-packed samples showed the lowest detection rate (21Á2%) of S. aureus, B. cereus, E. coli and coliforms, while the food samples without packaging revealed the highest incidence (78Á7%) of the above described indicators (Table 2) . Among the 113 vacuum packed samples, 6Á2% of the samples were detected to contain S. aureus, while 1Á8% of the vegetarian food products contained B. cereus. On the other hand, S. aureus and B. cereus were detected in 28Á7% and in 5Á6% of the samples, respectively, among the 108 vegetarian food samples without packaging.
In the present study, the vegetarian food samples were divided into ¢ve groups based on their major components, viz. soybean, cereal, £our, vegetable and Konjac groups. The vegetarian food prepared from soybeans exhibited the highest detection rate (74Á5%) of S. aureus, B. cereus, E. coli and coliforms, while the cereal group showed the lowest incidence (28Á9%) ( Table 3 ). The highest detection rate of S. aureus among the ¢ve groups was noted in cereal and Konjac group (23Á8%), while the lowest incidence of this pathogen was found in items made from vegetables (6Á5%). Further, B. cereus was detected only in vegetarian food made from soybean, cereal and Konjac, with an incidence of 5Á1%, 9Á5% and 2Á4%, respectively. Whereas, E. coli was most frequently detected in samples containing soybeans (39Á7%), while coliforms were found most frequently in the £our group (50Á0%) ( Table 3) .
The results of toxigenicity assay of S. aureus and B. cereus isolated from vegetarian food samples are summarized in Table 4 . Among the 38 strains of S. aureus isolates, 17 strains showed the ability to produce enterotoxin, wherein S. aureus enterotoxin A (SEA) was found to be the most frequently produced toxin by the isolates (six strains). The numbers of the isolates that produced enterotoxin B (SEB), enterotoxin C (SEC) and enterotoxin D (SED) were one, one and three, respectively. In these isolates, two strains of S. aureus isolate produced SEA and SEB simultaneously, while four strains of the isolates produced SEA and SED simultaneously (Table 4) . Amongst the seven strains of B. cereus isolates, one produced diarrheal toxin and four others killed adult ICR mice (Table 4) .
Discussion
The large number of total micro-organisms, contamination indicators (E. coli and coliforms) and pathogens (S. aureus and B. cereus) detected in the vegetarian food samples surveyed in this investigation revealed that their presence presented a potential health hazard to consumers. Madden (1992) has discussed the potential sources of microbial contamination of fresh fruit and vegetables during growth, harvest, distribution and processing. The foodborne illness outbreaks, which have occurred due to contaminated produce, were also discussed by the same author. Albrecht et al. (1995) evaluated the microbial contamination of vegetable ingredients (lettuce, tomatoes, broccoli and cauli£ower) in salad bars. They found that the total aerobic count and coliform in these vegetables ranged from 5Á51 to 6Á63 log cfu g 71 and from 4Á81 to 6Á30 log cfu g 71 , respectively. Fang et al. (1997b) reported that in 155 instant cereal products retailed in Taiwan, the detection rates of B. cereus in regular instant cereals and cereal mix were 26% and 38%, respectively. Coliform were isolated from 6 of the 81 (7Á4%) cereal mix products as well as from 2 of the 74 (2Á7%) regular instant cereal products. Lin et al. (1989) indicated that the detection rate of E. coli, Staphylococcus spp. and coliform was 13Á9%, 51Á8% and 75Á5%, respectively, in 320 samples of cold dishes. Garc|¨a-Gimeno et al. (1996) reported that out of a total of 70 ready-to-use mixed vegetable salad samples, 21 samples were observed to contain L. monocytogenes. The present survey revealed that the unpacked vegetarian food samples show the highest incidence of S. aureus, B. cereus, E. coli and coliforms.The pH measurements of the tested samples showed that the pH was in the range of 5Á8±10Á94, which are within the pH range where most pathogens grow (data not shown). Although the pH range of the vegetarian food products made from Konjac was between 9Á19 and 10Á94 (data not shown), presence of S. aureus, E. coli and coliform was also detected in the samples, probably due to contamination from handling or crosscontamination during preparation.
According to the Food Sanitation Standard (FSS 1993) of Taiwan, Republic of China, coliform counts should not exceed 10 MPN g 71 and E. coli should not be detected at all in ready-to-eat foods. In addition, foodborne pathogens such as S. aureus, Salmonella spp. and L. monocytogenes should not be detected in foods as well. In this investigation, 71%, 81% and 96Á5% of the vegetarian food products ful¢lled this particular requirement when E. coli, S. aureus and B. cereus, respectively, were used as indicators. Chyan et al. (1989) indicated that coliforms and E. coli were detected in 31Á4% and 8Á9% of the 606 rice products, respectively. In the present study, among the 38 S. aureus isolates, SEA, SEB, SEC and SED were detected with SEA being the most frequently detected one. Wu et al. (1997) have isolated 62 species of S. aureus from raw milk and some other animal specimens, and reported that amongst these strains, SEA, SEB and SEC were detected in 26, two and one strains, respectively. Neither SED nor SEE was, however, observed in their isolates. Moreover, S. aureus not only plays an important role in foodborne diseases in the US (Bean and Gri¤n 1990) but also in Taiwan, Republic of China. This micro-organism is the second most commonly found foodborne pathogen in this country. The number of outbreaks in Taiwan due to this bacterium ranged from 11 to 24 annually, in the period 1986 to 1995 ). The enterotoxin A-producing strains of S. aureus, were the most frequently isolated ones during the outbreaks in Taiwan. The present survey also revealed the same trends. Pan et al. (1994) reported that 53Á3% (8 out of 15) of the S. aureus outbreaks in Taiwan in 1994 were associated with enterotoxin A. B. cereus is emerging as an important foodpoisoning organism because of its cosmopolitan distribution nature. A review by Johnson (1984) showed that B. cereus had been isolated in several countries from a variety of food items. B. cereus can be found in di¡erent types of £our and pasta, thereby suggesting a plant origin (Kim and Goepfert 1971) . This pathogen has usually been isolated from the samples of raw rice and thus can be considered as being part of its normal £ora (Parry and Gilbert 1980) . The vegetarian food samples examined in this study exhibited a 20Á9% incidence of Bacillus spores and a 3Á4% incidence of B. cereus. Mosso et al. (1989) examined 102 food samples, wherein B. cereus was not detected in any of the food items made from £our. In one previous survey comprising of a total 606 rice products, B. cereus was found in 51 samples (8Á4%) (Chyan et al. 1989) . During the years 1986±1995, 104 outbreaks caused by B. cereus were reported in Taiwan and this bacterium was noted to be the third most commonly found foodborne pathogen in this country . In terms of toxigenicity, four of the B. cereus isolates produced mouse lethal toxin and one produced diarrheal toxin, among the seven isolates obtained from vegetarian food samples in this study. Wong et al. (1988) have examined 293 dairy products and determined the incidence and characteristics of B. cereus. In their study, three of the 11 selected isolates that showed strong hemolysin activity were able to kill adult mice.
During the survey of retail vegetarian food samples, it was observed that vegetarian food items are most widely sold without any protecting wrapping. This type of vegetarian food is exposed to various sources of contaminations, in addition to those encountered during their processing.The incidence of S. aureus, B. cereus, E. coli and coliforms was found to be the highest in samples without packaging, and lowest in vacuum-packed vegetarian food samples. Use of a protective packaging alone could signi¢-cantly lower the incidence of contamination indicators and pathogens in various vegetarian food items.
